Introduction
The development of carbonaceous electrode materials is of great of interest for numerous applications ranging from analytical purposes to electrochemical storage systems. Glassy carbon (GC) is commonly used as a convenient electrode material for electroanalysis and electrolysis within the cathodic domain [1] . However interest is growing in graphite, especially when reduced at potentials lower than -1.8 V vs. Ag/AgCl (in organic polar aprotic solvents). In these conditions it can intercalate cations with possible exfoliation [2] , resulting in peculiar cathodic materials that behave as reducing species according to their electron transfer processes [3] . Interestingly, GC was also reported to be no longer inert at quite reducing potentials (< -1.7 V vs. Ag/AgCl), due to the presence of ribbons or other graphitelike structural inclusions [4, 5] . Hence a key point in modification of GC electrodes is to consider this material as containing graphite-like domains, which give rise to polynucleophilic centres when cathodically polarized [6, 7] . The cathodic charging of these C sp 2 - inclusions, which is accompanied by the insertion of organic or inorganic cations, mimics many nucleophilic reactions for "reduced" GC with a large selection of possible electrophilic reagents [7] .
Beyond GC and regular graphite, interest in graphene-based electrodes is also emerging due to the peculiar physical/chemical properties of this carbonaceous material. Interest in graphene has taken off since the discovery of easy methods to fabricate and characterize it [8] [9] [10] . In particular Raman spectroscopy can be considered as the characterization technique of choice, especially for understanding the behaviour of electrons and phonons in graphene.
Many ingenious approaches for producing graphene sheets are known: the recent literature is abundant for instance in organic methods (total synthesis [11] ) and others relying on solutionbased chemical and electrochemical processes [12] [13] [14] [15] [16] . Notable is an original method [17] based on graphite exfoliation in ionic liquids. The common electrochemical approach to obtain graphene remains the reduction of graphene oxide [18] , but the electrochemical method based on disaggregating graphite through exfoliation appears promising. Finally, electrochemistry has also been used to modify commercially available graphenes, such as 3D
{graphene-GC} electrode modified with redox units for use in catalysis [19] . When using fluidized bed processes, graphene suspensions could permit large scale electrochemical functionalization. For instance, carboxylation reactions of graphene were performed at high yield, approaching one carboxylate functional group per hundred carbons [20] . In short, although there is a clear need for new methodologies for fabricating graphene-based electrodes, this remains a challenging task.
The current contribution is inspired by the electrochemical splitting of graphitic materials via the intercalation of tetraalkylammonium (TAA + ) cations under specific conditions, a method discovered by one of us almost four decades ago [2] . We demonstrate here through a Raman study that simple graphite-based deposition onto gold followed by an electrochemical erosion process leads to Au interfaces with thin graphene coverage. The result is a stable graphene-modified gold electrode. The building of such interfaces is particularly easy, and gives highly reproducible electrochemical responses in current and potential. This is interesting and useful for electrochemical analysis applications such as cathodic charge in the presence of different salts, and the concomitant addition of functionalised free radicals on these radicalophile materials.
Experimental

Procedure for preparing working electrodes
Gold disk microelectrodes (S = 0.8 mm 2 ) used for the deposition of graphite were first carefully polished with coarse (Struers 500) and then finer (Struers 1200) silicon carbide polishing paper. Before use, natural graphite (from Ceylon) was first partly exfoliated by cathodic treatment (electrochemical intercalation of graphite). More precisely, graphite (80 mg) was submitted to a reduction process (E r = -2.1 V vs. Ag/AgCl) in 0.1 M TMABF 4 using DMF as solvent and a three compartment cell (cathodic compartment: V ≈ 8 mm 3 , efficient stirring, electrode: mercury pool with a surface area of 5 cm 2 ). The starting current was about 2 mA, and the graphite treatment was stopped after charge of 7 C was passed through the cell. The as-prepared intercalated graphite was then filtered from the electrolytic solution, rinsed several time with water then acetone, and finally dried for 20 min at 60°C.
This pre-exfoliated graphite was finally mixed with acetone to form a slurry, which was coated on gold disk microelectrodes. Once the acetone evaporated, the electrode was firmly rubbed on a glassy cardboard in a polishing manner until the surface obtained a shiny aspect.
Very short sonication may help to eliminate residual graphite flakes if any.
Electrochemical experiments
Voltammetric and coulometric measurements were performed with a PAR 273 potentiostat using three-electrode cells separated with a fritted glass. All potentials are referring to an aqueous saturated calomel electrode (SCE were able to generate 100 nm steps with a spatial precision better than 100 nm verified on an AFM grid. The spectral resolution achieved with the use of gratings of 2400, 1800 or 1200 grooves per millimeter was between 3 and 4 cm -1 according to the excitation wavelength. The focused power of the laser beam was also checked for each wavelength to avoid any transformation or heating of the samples. Accordingly, the power was kept below 100 μW and the magnitude ×100 of the objective has been selected after a test list. The confocal mode was also sometimes used to select a smaller analyzed volume in the same irradiated volume or to record Raman maps with better spatial resolution (around at λ/2). Samples studied in this paper were heterogeneous at the micrometer scale.
Raman spectra were decomposed using either a set of symmetric bands characterized by a fixed parameter set (position, full-width at half height, profile) or a multi-curve resolution method previously developed in our group [21] [22] [23] , the Bayesian Positive Source Separation (or BPSS) curve resolution method. The BPSS method gives an estimation of the unknown component spectra and the concentrations of the underlying species. Where spectroscopic techniques fail to resolve unknown or unstable individual constituents contained in multicomponent mixtures, vibrational spectroscopies combined with BPSS treatment may offer a promising and efficient approach.
Results and discussions
Prior to discussing gold modification by graphene, it is important to state that the (Fig. 2a , peaks denoted I, II, and III). Interestingly, these peak currents appear proportional to the scan rate (Fig. 2b) , which should correspond to the cathodic reduction of the outermost graphene layers in contact with the electrolytic solution. The hindrance effect of TAA + in those charge/discharge processes is therefore quite obvious.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
With the tetraoctylammomium (TOA + ) cation associated with BF 4 -one observes a potential gap of E = 0.9 V between the charge/discharge steps with a deposition level of 2 × 10 -9 ion cm -2 . Finally, it was verified that potentials relative to the first cathodic charge follow the order:
In order to throw further light on this peculiar electrochemical feature, a detailed study by
Raman spectroscopy was performed since the Raman spectra of graphene, graphite (3D or 2D, turbostratic), and carbon nanotubes all correspond to resonant Raman processes which are strongly dependent on the excitation wavelength. Moreover both first and second order
Raman signals are very intense. In the case of Bernal AB stacking of graphene layers, Ferrari et al. [24, 25] showed that it is possible to use the second order feature in the Raman spectra to learn about the number of layers in a graphene sample. As in other sp 2 carbon phases, this second order feature originates from the double resonance (DR) Raman process [26, 27] , and links electrons and phonons in the graphene dispersion relations. For instance, a fine analysis of this second order spectrum with a multi-wavelength approach allows distinction between a single layer graphene sample and a turbostratic sample in which the layers are randomly stacked with rotational disorder.
Our study draws on both the orders of Raman spectra in a multi-wavelength approach to Fig. 4b ). More precisely, the spectral range 2600-2800 cm -1 was used to integrate the signal to the baseline in order to show the spatial repartition of this integrated G' band intensity. SEM imaging of the region used for Raman spectroscopy mapping is also shown but at low magnification (overlaid image, Fig. 5a ) in order to give a clearer picture of the sample region chosen. The Raman spectra related to the blue surface area of the mapping (Fig. 5b) correspond only to the graphene phases and never to the G' profile, which is characteristic of a graphitic phase. The area to the right of the blue domain corresponds to bare gold substrate.
In energy is too strong. It is then impossible to see the layer of on-surface carbon which does not emit enough signal compared to that emitted by the matrix. Therefore, we chose a very low accelerating voltage (500 V) as deduced from Monte Carlo simulations [32] (Fig. 6a) . (within the same selected region as shown in Fig. 5 ). The darker zones can be ascribed to the graphene deposit whereas arrows point out the scratches of the pristine gold surface.
In these conditions, already near the limits of a SEM, we have still reduced the signal received by the detector of secondary electrons by activating the build-in filter allowing selection of only secondary electrons with weak energy. There is no doubt that these adjustments allow the highlighting of regions covered with carbon but the resultant image is noisy because of the weakness of the signal finally received by the secondary electron detector. It should be noted that the strong difference in atomic number between gold and carbon makes image interpretation easier by ensuring a strong contrast between both materials even with this kind Faced with the quantity of Raman spectral data, we used two approaches, firstly decomposing the G' band of the most often found signal, and secondly applying a curve separation method applied to the whole spectra of the maps (BPSS approach [21] [22] [23] ). These two approaches led qualitatively to the same results. The BPSS approach shows that as well as the noisy background, only two spectra are found. Equally, decompositions on randomly selected experimental spectra can always be solved with only two kinds of source spectra. The two types of spectra, over the G' range, are displayed in Fig. 7 . They consist of either a single
Lorentzian profile centered at 2685 cm -1 with a FWHH of 42 cm -1 or a more complicate profile constituted by at least four components. On the basis of the literature [24, 25] , we can conclude that we have a mixture at the micron scale of these two profiles. The first is assigned to the spectrum of single layer graphene (denoted 1LG), while the second is assigned to three layer graphene (denoted 3LG). The 1LG spectrum is centered at 2685 cm -1 ; this wavenumber is incompatible with an assignment to turbostratic graphite that displays a band at around 2710 cm -1 with a green excitation. The 3LG profile is in agreement with the profiles previously published in the literature [33] . Fig. 8b . The first process corresponds to radical formation followed by a reversible system showing the reduction of the anthryl group.
Once this electrochemical modification of the graphene interface has been performed, one obtains a reversible faradaic peak (E p ~0.8 V, Fig. 8c,d ), which can be assigned to the anthraquinone redox moiety. The large modification of the electrochemical signature of graphene (for potentials lower than < -1.7 V, Fig. 8c ) would suggest the grafting of AQ
• concerns not only the edges of the capping but a large part of graphene itself. A simple comparison between CV curves reported in Fig. 2a and Fig. 8c , respectively, for which similar experimental conditions were used, strongly supports this assumption. The second example relies on the grafting of a marked alkyl iodide by ferrocene as illustrated in Fig. 9 . Two modes of catalysis are possible. The first, centred at about -1 V, corresponds to catalysis by gold that permits the scission of the C-I bond (by a specific adsorption). The second involves a nucleophilic process (charge of graphene at about -2 V).
These two successive processes are easily visible in Fig. 9b . Note that for comparison, the plot also includes the response of the electrode without modification by graphene coverage.
The response of the electrode after alteration is shown in Fig. 9b (oxidation of the grafted ferrocene moiety). Finally, Fig. 9c shows the response of a graphene free gold electrode and the catalytic scission of the C-I bond located at about -1 V. 
Conclusions
To conclude, this work shows for the first time experimental proof that our simple and practical exfoliation process creates a gold electrode with surface adsorbed graphene consisting of either 1 or 3 layers (but not two). These graphene-modified gold electrodes were then used as a trap to fix organic groups either through in situ generation of free radicals, or by using the charge of the graphene layer as a polynucleophilic substance essentially towards alkyl iodides. The simplicity, scalability and chemical tuneability of this approach gives it many advantages over current conventional carbonaceous electrodes. Simple electrochemical exfoliation of any kind of graphite, achieved by its reduction at about -2.0 V, certainly represents a fascinating method for in situ generating thin graphene layers at electrified solid substrates. Moreover, it could be extendable to other solid conductors (silver, rhodium, copper, platinum and palladium) [34] . Based on this series of data, it can be underlined that the formation of either mono-or tri-layer graphene on Au, but no bi-layer, is most surprising.
The behaviour is reminiscent of a Stage-2 graphite intercalation compound, however solutionbased ion intercalation of TAA + in graphite results in Stage-1 compounds (i.e. ion intercalation between every graphene layer) [15] . It is possible the "Stage-2"-like behaviour we observe comes from the asymmetry induced by the electrode, and consequent alternate polarization of the graphene layers. This would give a positively charged outer layer for bilayer graphene, energetically unfavourable for TAA + interaction. Such capacitive polarisation has been documented previously in the literature, for example in the capacitive response of bilayer graphene in the presence of a top-gate [35] . The presence of the gold is critical, since TAA + electrochemistry of graphite electrodes results in thicker (~2 nm) flakes [16] . However further studies on well orientated crystallized gold substrates will be needed to fully understand this effect. 
